Abstract Botanists have long considered the origins of the Hawaiian flora in terms of long-distance dispersal from particular source areas. We extensively reviewed phylogenetic studies of the Hawaiian angiosperm flora to determine the most likely region of origin for each lineage from a defined set of source areas. We also evaluated dispersal modes of each lineage to assess whether certain dispersal modes are associated with a given source area. The largest source category was Widespread (involving related taxa that extend across more than one region), although many of these comprised native non-endemic species, and accounted for little of the total species diversity (after accounting for in situ speciation). The next largest source regions were Indo-Malayan and Neotropical. Comparatively few lineages originated from the East Asian region, although these include the single largest lineage. Lineages originating in the Indo-Malayan region predominantly arrived via Pacific Islands, whereas dispersal from all other regions appears to have been mostly direct. Compared with previous analyses, we found a higher proportion of lineages originating in the Neotropics and temperate North America. Widespread origins were positively associated with dispersal via flotation on water, whereas other origins were associated with dispersal by birds, either through internal transport or external adhesion. We identified thirty-one potential cases of dispersal out of Hawaii to other islands. Our assessment is complicated by lineages with ancient origins, with further complications likely stemming from hybridization events. Overall, numerous lineages including some distinctive endemic genera have not had sufficient phylogenetic study to determine an origin.
Introduction
Isolated oceanic islands have long interested the evolutionary biologist. Over a century ago, Alfred Russell Wallace and Charles Darwin stressed how much could be learned about evolution by studying plants and animals on volcanic high islands. Of all oceanic islands the Hawaiian Islands are among the most attractive examples of insular evolution for several reasons (Wagner & Funk, 1995) . First, they exhibit extensive ecological variation from arid to the wettest on earth, and ranging in elevation from sea level to 4200 m. Second, each island has a definable geological history such that the timing of emergence and subsequent geomorphological development is well understood (Price & Clague, 2002) . Finally, perhaps the most important aspect of the Hawaiian Islands for evolutionary studies is their striking isolation: at more than 3500 km from the nearest continental land mass, the unique flora of the Hawaiian Islands can be attributed to a combination of infrequent sweepstakes dispersal, followed by in situ evolution and diversification (Carlquist, 1974; Cowie & Holland, 2006) .
Early botanists and naturalists held a diversity of views on origins of the Hawaiian flora and differed about the importance of long-distance dispersal and particular source areas as well as the age and timing of evolution and assembly of the flora (see Baldwin & Wagner, 2010) . Detailed assessment of the origins of the Hawaiian flora dates back to the introductory remarks in the Flora of the Hawaiian Islands by Hillebrand (1888) . He clearly stated that the islands arose at great distance from other land masses, either islands or continents, and that they have always been highly isolated. He asserted that oceanic drift was an important dispersal mechanism for plants from across the Pacific and also mentioned that a plover (presumably the Pacific Golden Plover) had been important in the dispersal of plants to the Hawaiian Islands (Hillebrand, 1888) . Guppy (1906) also thought that the Hawaiian Islands were always isolated after formation. His main contribution to understanding the origin of the flora was to extend the ideas about long distance dispersal to oceanic archipelagos by providing extensive evidence for the dispersal ability of Hawaiian and other Pacific plants based on first-hand experimentation and detailed observations of fruit and seed characteristics. His conclusion that birds, in addition to physical forces, were an important agent of Pacific plant dispersal were corroborated and extended by subsequent studies (see Ridley, 1930; Carlquist, 1966a Carlquist, , 1967 Carlquist, , 1974 Carlquist, , 1996 . Campbell (1918) believed the Hawaiian Islands were a remnant of a larger, now subsided land mass, and did not believe that over-water dispersal could account for the high representation of South Pacific, Malesian, or Australasian groups that occurred across the south Pacific to the Hawaiian Islands, a view that has been superseded by modern plate tectonic theory. Fosberg (1948) took a somewhat different approach in his assessment of the origins of the Hawaiian flora in that he focused almost exclusively on the diversification of each presumed lineage within the Hawaiian Islands and the presumed geographical origins of the original colonist. Of his estimated 272 angiosperm colonizations to the Hawaiian Islands, Fosberg (1948) concluded that regions to the west and south of the archipelago contributed the majority of founder species. His table of flowering plant founders included 109 from the "IndoPacific" ("Indonesia or southeastern Asia and attenuating out into the Pacific") and 45 from the "Austral" region ("south Pacific, from Australia to Patagonia"). He also noted that temperate and tropical regions of the Americas were the source of more colonization species (50) than expected, based on most contemporary views, and slightly exceeded the number of founder species from the "Austral" region, which was believed by some to be the most important source area for Hawaiian plant lineages. Fosberg (1948 Fosberg ( , 1951 reconciled the high number of Hawaiian vascular-plant founders from temperate and tropical regions of the New World with the widely held view of a relatively minor American element in the Hawaiian flora by noting that most indigenous Hawaiian plant lineages from the Americas had undergone minimal speciation since arriving in the archipelago and probably represented recent arrivals. Based on Fosberg's (1948) tabulations, none of the vascular plant genera of exclusively American (and/or Boreal) origin in the native Hawaiian flora had produced more than two species or infraspecific taxa per original immigrant except for Gunnera (Gunneraceae) and the endemic Hawaiian genera Hesperomannia (Asteraceae), Isodendrion (Violaceae), and Nothocestrum (Solanaceae). Founders of the three aforementioned endemic genera and Hawaiian Psychotria (Rubiaceae) are the only plants of putatively American origin that he noted as having diversified to any significant degree.
Sherwin Carlquist published a series of seminal papers and books summarizing knowledge of volcanic island colonization at around the time geologic data was rapidly expanding into the modern understanding of hot-spot archipelagos and also contributed a wealth of his own data (Carlquist, 1965 (Carlquist, , 1966a (Carlquist, , 1966b (Carlquist, , 1966c (Carlquist, , 1966d (Carlquist, , 1967 (Carlquist, , 1974 (Carlquist, , 1996 . Like Fosberg (1948) , he provided a detailed listing of each presumed plant colonist to the Hawaiian Islands, but rather than geographic origin he focused on dispersal mechanism of the original colonist, the number of species comprising each lineage, and the breeding system of each lineage. This assessment allowed him to examine evolution on islands in much more detail involving changes in dispersal modes, anatomical adaptations, and evolution of breeding systems on islands. Fosberg's and especially Carlquist's work provided the first full list of hypotheses on the attributes of each successful colonization event and set the stage for many subsequent studies that attempt to understand patterns in colonization, establishment, and subsequent evolutionary radiation.
Many of Carlquist's and Fosberg's ideas and data were used in the Manual of the flowering plants of Hawai'i (Wagner et al., 1990) to assess the geographical origins and dispersal mode under each genus treatment. Sakai and collaborators (Sakai et al., 1995a; Sakai et al., 1995b ) provided a somewhat revised and updated assessment of colonist dispersal mode, breeding system of colonist and endemic species, and added presumed pollinators in analyses of ecological correlates and evolution of dioecy in the Hawaiian flora. During this time period new approaches and analytic tools became widespread in the study of lineages. First, during the more than 50 years since the original articulation of the hot spot theory of mid-Pacific archipelago formation (Wilson, 1963) , tremendous advances have been made in our understanding of the geologic processes involved in the formation and history of this conveyor-like archipelago (Moore & Clague, 1992; Price & Clague, 2002) . Second, convenient phylogenetic methods became widely in use, permitting the application of a framework devised by Hennig (1966) to infer patterns of dispersal and speciation (Funk & Wagner, 1995; Emerson, 2002) . Both morphology and molecular sequence data have been used, but in the past decade molecular data with increasing resolution have predominated. An increasing number of researchers have investigated a wide array of the evolutionary radiations of Hawaiian terrestrial organisms in the context of the lineages they are members of worldwide (Price & Wagner, 2004; Keeley & Funk, 2011) .
This study aims to comprehensively update the circumscription of colonist lineages for the Hawaiian angiosperm flora. We extensively reviewed the literature and evaluated phylogenetic studies to determine the most likely region of origin for each lineage from a defined set of source areas. We then evaluated these against putative dispersal modes to test hypotheses about how colonists from different regions may have arrived (Gillespie et al., 2012) . Considering dispersal, global climate, and geological history in concert, a new consensus of Hawaii's biogeographical status is emerging.
Methods

Colonist origins
In this study we have reviewed all of the relevant phylogenetic literature we were able to find to assess the geographical origins of the lineages comprising the Hawaiian flora (Appendix 1). Many of these are broad studies of higher taxonomic levels (families or generic groups) with sampling that was not designed to resolve Hawaiian origins, but nevertheless they provide a phylogenetic framework from which we could infer an origin. Despite a very large number of recent studies there are still many lineages that have not been examined at all with phylogenetic data. For these we developed a set of criteria in which to base a categorization on taxonomy or in some cases other types of data. As presently circumscribed the Hawaiian angiosperm flora is considered to have arisen from 259 colonization events.
We assigned each colonist lineage to a source region (including a specific sub-region, where possible) drawing from different lines of evidence. For native non-endemic (henceforth NNE) lineages, we considered the source area to be the non-Hawaiian part of the range, assuming that the species originated elsewhere then dispersed to Hawaii. In two instances, a lineage containing a species nearly endemic to the Hawaiian Islands with a single non-Hawaiian locality, and with an available phylogeny was treated as a dispersal first to the Hawaiian Islands followed by dispersal likely out of Hawaii to the non-Hawaiian location. Otherwise, we evaluated 88 single-species NNE lineages using these criteria; in six additional cases, we presumed an endemic species to be locally derived from a given NNE species following Wagner et al. (1990) . These 94 lineages encompass a limited number of species (10% of the flora).
For lineages containing endemic (or near-endemic) species we drew extensively from available phylogenetic reconstructions. Usually Hawaiian taxa are sister to or nested within clades that are clearly situated within a given source area. In some cases, a clade that is sister to the Hawaiian taxa includes species that occur in different source regions, while in others sampling of outgroups is incomplete. In such cases we either followed the evaluations of phylogenetic studies or determined the source area based on our assessment of the phylogenetic trees in the publication. In some cases the resolution of the phylogeny or the sampling of species relative to the full geographic distribution of the lineage was poor and we categorized them as source area unknown. This method applied to 101 lineages, including a large majority of species (77% of the flora).
In some cases, endemic Hawaiian taxa share clear morphological characteristics with taxa in a given source region. This is often a clear determination, especially where the Hawaiian taxa belong to a genus that is otherwise distributed exclusively within a given region. This method applied to 24 lineages and a modest number of species (3% of the flora).
We defined a series of regions intended to represent the direct source areas for the ancestors of the Hawaiian flora (Fig. 1) . Source regions are as follows: Australasian: By combining Australia and New Zealand into a single region, we follow Cox (2001) in revising Takhtajan's (1986) treatment, which in turn revised Good's (1947) configuration. This avoids the problematic combination of Southern South America and New Zealand into the Austral Kingdom (Takhtajan, 1986) . Indo-Malayan: The region includes tropical areas of South and Southeast Asia and extends through the Malay Archipelago as far as New Guinea and nearby islands such as the Bismarck Archipelago. In a small number of cases, a related species or clade may occur across the Indo-Malayan region and extend to the northernmost reaches of Australia; in such cases we consider the origin to be Indo-Malayan. East Asian: This region includes non-tropical areas of Asia representing part of Takhtajan's (1986) Takhtajan (1986) , this region extends from tropical regions of Mexico (i.e. Southern Mexico excluding the central highlands) south through Central America and into South America. Southern South America is included here (unlike in Takhtajan (1986) , where it is included in the Austral Kingdom). This also includes a few Pacific Island groups such as the Galapagos and the Revillagigedo Islands, which are closely associated with the Americas. North American: This region includes the non-tropical areas of North America representing part of Takhtajan's (1986) Holarctic Kingdom. Pacific: In many cases, the closest relatives to Hawaiian endemic taxa are endemic to other Pacific Islands, with Hawaiian taxa nested within otherwise well-developed Pacific clades, and deeper origins in other regions. In other cases, a NNE species occurs in Hawaii and elsewhere on Pacific Islands. For taxa such as these, we defined a Pacific region, which includes all islands not described above, and including key source areas in Fiji and New Caledonia. We further identified which aforementioned region each given Pacific taxon ultimately originated, in order to distinguish taxa that dispersed directly from a source region from those that were presumably evolving in the Pacific prior to arriving in the Hawaiian Islands. Widespread: In many cases a related taxon or NNE species will have a distribution extending across two or more of the aforementioned regions. We classified these as "Widespread" and assessed which regions apply, resulting in numerous possible combinations, several of which occurred frequently.
Dispersal modes
We evaluated dispersal modes of each lineage following Price & Wagner (2004) , which built upon previous work by Carlquist (1974) and Sakai et al. (1995a) , with some modifications. In some cases, Hawaiian taxa have a different dispersal mode than ancestral taxa (e.g. Lobelioideae (Givnish et al., 2009 ), Hawaiian mints (Roy et al., 2015) ), representing a shift. While Price & Wagner (2004) considered the most common mode in a lineage (to represent characteristics related to diversification), here we consider the presumed ancestral mode to represent how a given taxon arrived to the Hawaiian Islands. The four major dispersal modes are: 1) seeds likely to be dispersed by wind over long distances (typically very small seeds capable of remaining airborne for long periods); 2) flotation, including seeds that float or are encased in fruits likely to float (we also include here a number of larger seeds presumed to have been attached to floating branches); 3) external bird (epizoochory), including seeds with adhesive structures or viscous substances, or which are comparatively small such that they may be embedded on mud on birds' feet; and 4) internal bird (endozochory), including fruits actively consumed and passed though birds' digestive system.
We performed a chi-square test to determine whether a given source region was associated with a given dispersal mode. We assessed the likely source of dispersal directly to Hawaii; this presumes lineages that belong to a Pacific clade and widespread taxa with a distribution that includes Pacific Islands arrived to Hawaii from other Pacific Islands, regardless of the ultimate origin.
Results
Appendix 1 provides a list of each presumed colonist along with its presumed origin, primary dispersal mode and best literature citation. Table 1 From the standpoint of species (after accounting for diversification within the Hawaiian Islands), clearly the most important region is the Indo-Malayan region), followed by North America (Table 1) . Despite making up a modest proportion of lineages (3.9%), the East Asian origin makes up a notable portion of the flora (16.9%). Contrastingly, the Widespread origin accounts for a large proportion of lineages (30.1%), but a comparatively small fraction of species (10.6%), and a very low proportion of endemic species (4.6%).
Comparing different regions of origin, some dispersal modes are disproportionately represented (Table 2) . A significant Chi Square test (Chi-Square ¼ 26.03, DF ¼ 12, p < 0.05) resulted from certain combinations representing large contributions to the Chi-Square statistic. Dispersal via flotation is overrepresented in taxa with a Widespread origin, external bird dispersal is overrepresented in taxa originating in North America, and internal bird dispersal is overrepresented in taxa originating in the Austral and Pacific regions. On the other hand, flotation was underrepresented among taxa originating in North America, external bird dispersal was underrepresented among taxa originating in the Pacific, and internal bird dispersal is underrepresented in taxa with a Widespread origin. Only four lineages overall exhibited wind dispersal, two of which had an unknown origin, and therefore we excluded this mode from the analysis.
Discussion
4.1 Source areas for the Hawaiian flora Our characterization of source regions differs somewhat from that of Fosberg (1948) (Fig. 2) . The largest proportion of lineages in the Hawaiian Islands originated in the IndoMalayan region (22.2%, including all combinations with an ultimate origin there, as well as the "Indo-Pacific" widespread category), either directly or (predominantly) via steppingstone dispersal on Pacific Islands. The total proportion was considerably less than Fosberg's (1948 Fosberg's ( , 1951 estimate of 40%, although this remains the most important region. On the other hand, we found a larger proportion of lineages from the Americas (27.8% after combining the Neotropical, North American, and Widespread-American source regions) compared with Fosberg's estimate (16.2%). Fosberg did also include a "Boreal" category that could be interpreted as North American, however this was a small percentage of his overall consideration (3.1%). Focusing more narrowly on North American origin, our estimate of 11.6% is within the range of the conservative estimates offered by Baldwin and Wagner (liberal estimate 35%, conservative 10%, 2010) , although they also included some taxa from tropical areas of Mexico that we classify as Neotropical. Our analysis also had a much higher proportion of lineages with an unknown/obscure origin, although we followed a rigorous procedure adhering to clear phylogenetic or morphological evidence. It may be that lineages of unknown origin have resulted from a bias among regions where phylogenetic work has taken place, such that Numbers and percentages of lineages, endemic species, and total species originating from each source region are given. Australasian includes Australia and New Zealand. Indo-Malayan includes tropical South and Southeast Asia and extends through the Malay Archipelago as far as New Guinea. East Asian includes temperate regions of Asia, including Taiwan. Neotropical includes tropical parts of Central through South America. North American includes non-tropical areas of North America. For each of these, we further distinguish lineages that dispersed directly from a source region from those that arrived via stepping stone dispersal (followed by speciation) on Pacific Islands. Widespread includes combinations of two or more regions. The most strongly disproportionate high or low frequencies are indicated with "þ" and "À", respectively. Chi-Square ¼ 22.534, DF ¼ 12, p < 0.05. Only two of the four lineages dispersed by wind had identifiable source regions, and so these were not included.
numbers of lineages from different regions may ultimately turn out somewhat different from what we have presented.
However it appears that most unresolved groups are either in genera that are widespread across the tropics or represent unique endemic genera (see final section). One fundamental principle of traditional island biogeographical theory is that plants and animals on isolated archipelagos stem from a one-way colonization event from more diverse regions such as continents, with attenuation of diversity to the most remote islands, sometimes dispersing in stepping-stone fashion across regions with smaller interarchipelago distances (MacArthur & Wilson, 1963 , 1967 Emerson, 2002) . A majority of Hawaiian species diversity previously has been presumed to have derived from an attenuation of palaeotropical biota from the western Pacific, through stepping-stone island chains, such as Fiji (Fosberg, 1948; Carlquist, 1974; Wagner et al., 1990; Gillespie, 2002) . However, molecular phylogenetic hypotheses are revealing a much more complex pattern of long-distance dispersal throughout the Pacific, and have demonstrated that the Hawaiian biota is derived not only from the south and western Pacific, but many other places (e.g. Ballard & Sytsma, 2000; Howarth et al., 2003; Harbaugh et al., 2009 ). Overall, stepping-stone dispersal involving Pacific Islands was approximately equivalent to direct dispersal from source areas. On the one hand, steppingstone islands allow for shorter dispersal distances (Gilpin, 1980) , although they necessitate multiple dispersal events. In fact, dispersal to Hawaii has occurred via many islands, particularly Fiji (e.g. Cyrtandra Johnson et al., 2017) underscoring the importance not only for dispersal to the Hawaiian Islands, but also to the progressive development of endemic Pacific clades. On the other hand, large continental source areas provide far more candidate species and individuals for long-distance dispersal (Taylor, 1987) .
Another way to consider source areas relates to the overall climate. Where evident, 27.8% of Hawaiian lineages exhibit a temperate origin (including those arriving from temperate regions via other Pacific Islands) and 40.5% exhibit a tropical origin, with the remainder being either unknown or with an origin spanning temperate and tropical latitudes. Despite their position nominally within the tropics (19-23 degrees latitude), the Hawaiian Islands include considerable area at high elevations, with cool temperatures. Similarly, the range of mean annual precipitation, cloud cover, and other climatic characteristics (Giambelluca et al., 2014) help explain why source areas exhibit a spectrum of climates from deserts to rainforests to arctic habitats.
Looking more broadly at the flora, after accounting for diversification after colonization, origins at the species level resolve somewhat differently. The Widespread origin includes numerous lineages, which consist of a single NNE species. Overall this underscores the inverse relationship between dispersal ability and tendency to diversify (Price and Wagner, 2004; Kisel & Barraclough, 2010) . Some source areas include disproportionate numbers of species relative to lineages. For example the East Asian region represents just 3.9% of lineages but 16.9% of all species; however this derives from the fact that the single largest lineage (Lobelioideae) originated from East Asia. North America however exhibits a similar pattern (11.6% of lineages, 19.3% of species) but in this case it is due to the inclusion of several large lineages: 3 of the 10 largest lineages originated in North America (Appendix 1).
Dispersal modes
Considering the predictions laid out by Gillespie et al. (2012) , only some patterns relate region of origin to dispersal mode. As noted by Carlquist (1970) , wind dispersal is extremely rare (only four lineages), and there is no clear pattern in taxa arriving via wind despite the consistency of trade winds and major storm movements. Flotation dispersal is positively associated with lineages with a widespread (especially IndoPacific or Pantropical) origin. Again, this generally fits with Fig. 2 . Source areas of Hawaiian plant lineages as inferred by Fosberg (1948) vs. this study. Regions do not entirely correspond, however we consolidated source regions to best match those used by Fosberg. In this case Indo-Pacific includes all lineages originating in the Indo-Malayan region, including those arriving via stepping-stone dispersal via Pacific Islands. The Indo-Pacific proportion is lower in our analysis, partly because there is a greater proportion of unknown origins and partly because of a higher proportion from the Americas. East Asia was not considered as a separate source area by Fosberg (1948) , however we recognize a small number of lineages originating there.
Carlquist's (1970) and Fosberg's (1948) characterization of the Pantropical strand flora. Most of these taxa are non-endemic, widespread species largely restricted to coastal areas. A disproportionately low number of water-dispersed taxa arrived from North America despite the favorability of the currents, likely because species adapted to the coastal climate of temperate North America are unsuited for coastal areas in the Hawaiian Islands where propagules would arrive. In fact, the Neotropical region, considering the westward direction of currents, had slightly more arrivals via water than expected; nearly all of these taxa occur in dry lowland or coastal habitats. Similarly, water dispersal is also slightly negatively associated with East Asia and Australasia, regions with generally non-tropical climates, and where the directions of currents are not favourable to transport to Hawaii.
A large majority of plant lineages in the Hawaiian Islands (74.9%) arrived via bird dispersal either externally or internally. External bird dispersal was strongly associated with a North American origin. This fits with the notion that a large portion of bird traffic comes from North America, however those with internal bird dispersal were not strongly associated with a North American origin. This discrepancy may stem from the fact that most taxa of North American origin are herbaceous or ancestrally herbaceous, including families such as Poaceae, Asteraceae, Caryophyllaceae, and Lamiaceae, which tend toward having small-seeded, non-fleshy fruits. Meanwhile, internal bird dispersal was positively associated with an Austral or Pacific origin. This aligns with Gillespie et al. (2012) , who asserted that species from these regions are most likely to arrive via birds migrating along the central Pacific flyway. Ultimately, long-distance dispersal of plants poses challenges to research because it involves rare events driven by complex and highly stochastic processes (Nathan, 2006) . Because actual colonization is rare and not observed, dispersal mode was inferred from morphological information about the groups of plants, and thus the mode of dispersal to Hawaii may likely differ from our assessment in some cases.
Hawaii as a biogeographic crossroads
Fosberg's (1948) Indo-Pacific concept represents an early implication of islands as "stepping stones". Bellemain and Ricklefs (2008) go further in summarizing cases where islands are sources for colonization to continents, with Hawaiian Drosophilid fruit flies dispersing out of Hawaii to establish endemic species in various parts of the world (O' Grady & Desalle, 2008) . In the process of our assessment, we encountered 31 cases of evidence suggesting Hawaiian plants dispersed out of Hawaii to other islands (summarized in Table 3 ). We identified four types of evidence, with varying degrees of uncertainty. First, there are six cases where taxa from other islands were clearly nested within an otherwise Hawaiian clade. In the most extreme case, Acacia koa dispersed over 16,000 km to La Réunion Island in the South Indian Ocean (Le Roux et al., 2014) . A second type of evidence occurs when a Hawaiian clade is sister to a clade from other islands; in these six cases it is equivocal as to which islands were colonized first. For example, the genus Cheirodendron (Araliaceae) is endemic to Hawaii and the Marquesas, and species from each are in sister clades; otherwise, species of Raukaua from New Zealand are the closest relatives (Mitchell et al., 2012) . In the third form of evidence, a NNE species occurs in Hawaii and on other islands such that Hawaii makes up most of the species' distribution, with apparently satellite populations occurring on other Pacific Islands. For example, Ilex anomala (Aquifoliaceae) occurs on all of the Hawaiian Islands, as well as on Tahiti and in the Marquesas. The fourth type of evidence is circumstantial, based on taxonomic or morphological inference. For example, a single representative of the genus Phyllostegia formerly occurred on Tahiti; otherwise the genus is restricted to the Hawaiian Islands and is part of a lineage with two other endemic Hawaiian genera. Despite solid evidence for a North American origin of these genera, the Tahitian species was not included (it is likely extinct) in the phylogenetic analysis of Roy et al. (2015) , so we can only surmise that it derived from colonization from the Hawaiian Islands.
In cases where evidence is equivocal or uncertain, several aspects of the Hawaiian Islands emerge that increase the likelihood that Hawaii was a source for colonization to other islands. First, with the exceptions of Fiji and New Caledonia, the Hawaiian Islands represent the oldest archipelago of high islands (rather than mere atolls) in the Pacific, having continuously included high islands over the last 30 million years (Price & Clague, 2002) . Many of the potential targets for colonization from the Hawaiian Islands are younger archipelagos in the central Pacific such as the Marquesas and Society Islands, with maximum ages no more than six million years (Brousse et al., 1990; Blais et al., 2002) . Second, the Hawaiian Islands are actually closer to many source regions (particularly the Neotropics, North America, and East Asia) than are other islands in the central Pacific (Table 4) . Therefore, the Hawaiian Islands are a more likely "stepping stone" for taxa occurring in the central Pacific. For example, both the Hawaiian endemic Erythrina sandwicensis and the Tahitian endemic E. taitensis are closely related to each other and to E. velutina of the Neotropics (Wagner et al., 1990) (Whitehead & Jones, 1969) , but also likely sources for dispersal out (Taylor, 1978) .
Remaining uncertainties and future research
Certain lineages that appear resolved nonetheless present additional uncertainties, largely stemming from an apparently ancient origin. While a majority of lineages appear to have colonized the Hawaiian Islands since the formation of the island of Kaua'i around 5 Myr ago (Price & Clague, 2002) , several have diverged from related taxa prior to this. These include large lineages such as the Lobelioideae (Givnish et al., 2009) and smaller lineages such as Zanthoxylum (Appelhans et al., 2018) , both of which appear to have colonized prior to 12 Myr ago. Considering the time that has passed, there has been ample opportunity for extinction and migration to cloud our understanding of their origins. For example, the endemic genus Chrysodracon (6 species) is sister to all other Dracaenoid genera (Dracaena, Sansevieria, and Pleomele) comprising over 160 species, and in turn the whole group is nested in an Asian grade, suggesting an Asian origin (Lu & Morden, 2014) . However, despite the lack of a molecular clock estimate, this topology in the context of the distributions of Origins of the Hawaiian Florataxa suggests a very early split between Chrysodracon and other Dracaenoids and presumably a very ancient colonization of the Hawaiian Islands. Similarly, the monotypic lineage Peucedanum sandwicense diverged from a large Eurasian clade approximately 17.9 Myr ago; it is neither possible to determine for certain whether it colonized the Hawaiian Islands prior to 5 Myr ago nor to determine where the ancestor originated (since the sister clade contains species across numerous regions). In a more dramatic example, the monotypic endemic genus Hillebrandia diverged from all other Begoniaceae (1870 species) around 32 Myr ago (Clement et al., 2004; Renner, 2005; Moonlight et al., 2018) , the maximum age of continuously existing land available for colonization in the Hawaiian Islands (Price & Clague, 2002) . Considering the time available for extinction in these taxa, any inference based on extant taxa alone is highly tenuous. Lineages exhibiting an ancient origin present additional challenges. First, because islands pre-dating Kaua'i were largely eroded and widely spaced, few taxa were likely to colonize Kaua'i from older islands, complicating interpretations of topology and timing of colonization (Price & Clague, 2002) . Second, during the Miocene the global configuration of biomes and their attendant taxa was quite different from the present, with tropical biomes extending considerably poleward of their present locations, and with generally wetter conditions in places such as Western North America (Pound et al., 2012) . The subsequent changes resulted in numerous extinctions such that taxa previously known from Western North America are now restricted to East Asia (Latham & Ricklefs, 1993) . Even taxa that colonized Hawaii as recently as the Pliocene (5 Myr ago) would have done so in a world markedly different from the present. Present day California continued to have wet summers and subtropical taxa (including genera known from the Hawaiian flora such as Ilex, Sapindus, and Zanthoxylum) (Raven and Axelrod, 1978) and the Central American Seaway had not yet closed (O'Dea et al., 2016) , allowing westward currents to flow from Africa directly into the central Pacific. Considering the ensuing extinctions and distributional changes, present day distributions of closely related taxa may not reflect the region of origin.
Another potential source of uncertainty involves the possibility of hybridization or multiple colonizations. For example, in the case of Melanthera and Lipochaeta, a detailed phylogenetic study suggests an initial colonization by a widespread ancestral species of n ¼ 15 Melanthera, and cytological and crossing data (Rabakonandrianina & Carr, 1981) indicate a secondary n ¼ 11 colonization to Hawaii from the Neotropics, which subsequently hybridized to form an allopolyploid subclade (Rabakonandrianina & Carr, 1981; Edwards et al., 2018) . This simultaneously blurs the distinction between what appear to be separate lineages and the concept that a lineage has a single discernable origin. It is likely that more detailed genetic work involving different gene regions will reveal additional, more complex dispersal histories for some lineages.
Despite exhaustive review of available phylogenetic studies, the rigorous approach we have taken resulted in 48 lineages (18.5% of lineages) encompassing 120 species (12.8% of species) having an unknown origin, a somewhat higher percentage than Fosberg (1948) considered "Obscure". In numerous cases, Hawaiian taxa are derived to the point that they are recognized as endemic species or genera, and yet no resolved phylogeny has identified their closest relatives. Other phylogenetic studies have included Hawaiian taxa, but either those taxa remain in unresolved clades, or the phylogenies exhibit confounding topologies or have had insufficient sampling such that they do not indicate a clear origin. The largest lineages without a clear origin are Myrsine (20 species) and Wikstroemia (12 species), with both genera extending across multiple regions such that a phylogenetic analysis is required to resolve the origin of Hawaiian species. The endemic genera Hibiscadelphus (8 species), Neraudia (5 species), and Dissochondrus (1 species), as well as the nearly endemic genus Charpentiera (5 Hawaii species plus one Austral Islands species), remain unresolved. Even, well known genera such as Hibiscus (4 species in two lineages), Abutilon (3 species in two lineages) and Gardenia (3 species in two lineages) await detailed study.
Additional research using more sophisticated techniques, such as population-level studies of widespread species and genomic approaches to understand the role of hybrid origins, would advance our concept of origins of the Hawaiian flora. In addition to reconstructing a more detailed model of the tree of life, advanced techniques hold the possibility of illuminating the evolution of key traits relating to, for example, climatic tolerances and pollination syndromes. Despite earlier synthesis regarding the timing of colonization and diversification (Price & Clague, 2002) , most lineages lack molecular estimates of the ages of key divergences, providing further opportunity to build temporal context for processes outlined in this study. Building a broader phylogenetic synthesis also permits integration across scales of assembly, from communities to whole archipelagos (Emerson & Gillespie, 2008) . By establishing a global context for such synthesis, integrative systematics may rectify complex evolutionary histories with a functional taxonomy that can be applied to both the understanding and preservation of biological diversity (Wen et al., 2017) .
Appendix 1. Source regions of Hawaiian angiosperm flora
Lineages are arranged by family, then lineage name; full binomials indicate monotypic lineages, generic or major clade names (where appropriate, especially for large lineages with multiple genera) indicate multi-species lineages. Numbers of endemic species and total species in the lineage are given, including all described (including extinct) species. Primary dispersal modes are as follows: A ¼ air/wind, W ¼ water flotation, E ¼ external bird dispersal, I ¼ internal bird dispersal. "OOH?" indicates lineages with evidence of dispersal out of Hawaii, as follows: P ¼ phylogenetically resolved, PE ¼ phylogenetically equivocal, T ¼ taxonomic/circumstantial, N ¼ native non-endemic distribution. Origin indicates region of origin: Au ¼ Australasian, I ¼ Indo-Malayan, EA ¼ East Asian, NT ¼ Neotropical, NA ¼ North America. P followed by parentheses indicates taxa with an ultimate origin in the region within the parentheses (for example P(I) indicates a lineage that arrived from the Indo-Malayan region via Pacific Islands, where speciation has resulted in a Pacific clade). W followed by parentheses indicates taxa with a widespread origin with all relevant regions included within the parentheses (for example W(AuþIþEA) indicates a lineage that arrived from a widespread species that extends from the Australasian region through the Indo-Malayan region to East Asia). Source includes the most up-to-date literature citations; in some cases earlier work established the origin, but this is both confirmed by and cited in the more recent source. For lineages without a resolved phylogeny, codes indicate how the source area was assessed: MI ¼ morphological inference, where Hawaiian taxa are clearly closely related to taxa from a given region; NR ¼ native range, where a native non-endemic species has a range extending across one or more regions; ID ¼ information deficient.
Family
Lineage #ssp #end disp OOH? Origin Source Aizoaceae Sesuvium portulacastrum 
